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Abstract 
 
This study investigated the effects of stimulus duration on the temporal gap detection. Thirty 
young adults aged 20 to 24 with normal hearing undertook the Cantonese version of the 
Random Gap Detection Test (RGDT), a diagnostic test for Central Auditory Processing 
Disorder (CAPD). They were asked to indicate whether they heard one or two sounds 
presented, for 340 separate pairs of broadband noise stimuli. Four conditions with short and 
long markers’ duration and with fixed and varied total stimulus duration were tested. The 
results showed a significant effect for stimulus markers’ duration on temporal gap detection 
suggesting that anticipation effect might contribute to the observed difference. The results 
also indicated that total stimulus duration did not act as a potential cue for temporal gap 
detection in RGDT. These findings were useful for the further development of the Cantonese 
version of RGDT. 
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(a) Difficulties in comprehending speech in less than optimal listening conditions such as 
under background noise, with reverberation, rapid speech and competing speech;  
(b) Difficulty in remembering auditory information, following multiple instructions and in  
understanding persons speaking an unfamiliar dialect; 
(c) Poor sound localization ability;  
(d) Inconsistent responses to auditory stimuli; and 
(e) Frequent requests for repeated presentation of auditory information (Keith, 2001). 
CAPD may go undetected in audiological screening, as audiologists screen one’s 
hearing by checking if the listener can respond to pure tone across several frequencies 
within a range of designated intensities. Typically, conventional auditory screening places 
emphasis on assessing only the basic auditory processing of frequency and intensity of the 
signals, and does not focus on one’s capacity in processing the timing information in speech 
(see Figure 1). Researchers in the field of audiology thus are devoting increasing effort to 
develop diagnostic tools for CAPD (Emanuel, 2002). Of particular interest to this project is 
the development of a Cantonese version of a diagnostic test for CAPD which focus on the 
measurement of temporal resolution. 
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Figure 1. Schematic diagram showing the structures involved in the peripheral and central 
auditory processing systems (Deutsch & Richards, 1979). 
 
Temporal resolution is defined as the ability to detect changes in stimuli over time, 
which is important in speech understanding. This is because in ongoing speech, the speech 
sounds are produced as in rapid succession with continuously changing acoustic-phonetic 
information within a limited time interval (Philips, 1999). This requires listeners to identify 
accurately the subtle acoustic-phonetic cues such as VOT in order to discriminate the 
phonemes. For example in Cantonese stop consonant of articulation are distinguished as 
aspirated or unaspirated on the basis of VOT: aspirated stops have longer VOT than the 
unaspirated ones (Clumeck et al., 1981). The listeners also need to identify the temporal 
spacing of regular repeating glottal pulses in ongoing speech for determining voice pitch and 
to recognize the changes in temporal spacing constitute different intonation contours such as 
rising contours for interrogatives and rapidly declining contours for declaratives (Kramer, 
Kapteyn, Festen & Tobi, 1995).  
The capability to identify such acoustic-phonetic cues and temporal spacing in ongoing 
speech is related to one’s ability to detect the presence of a silent gap between the 2 signals 
Peripheral  
(Parts that audiologists focus on in  
audiological screening) 
Central  
(Parts that audiologists do not focus on in 
audiological screening) 
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Introduction 
When speech signals are delivered to the ear, there is a conversion of mechanical energy 
in the speech signals into electrical energy (nerve impulses) by the structures in the outer, 
middle and inner ear. The nerve impulses are then transmitted through the auditory nerve, to 
the brainstem and to the auditory cortex. The peripheral auditory processing allows the 
detection of the presence, the intensity and frequency contents of speech signals (McCroskey 
& Kidder, 2001). However, it is incapable of processing time information, which is another 
indispensable physical component of speech, since the peripheral auditory system contains no 
neural machinery necessary for this function. Thus central auditory processing, which takes 
place in the auditory cortex, is responsible for processing such time information (Philips, 
1999; McCroskey & Kidder, 2001). 
How does central auditory processing process the time information in speech signals? 
Central auditory processing is likely to perform online perceptual analysis of the short-term 
contents in the speech signals for the purpose of sound localization and lateralization, 
auditory pattern recognition and perception of temporal aspects of audition (temporal 
resolution, masking, integration and ordering). It is responsible for the extraction of degraded 
acoustic signals, and target speech signals from competing acoustic signals (ASHA, 1996). It 
also uses the analyzed temporal and spatial features of the speech signals to establish sensory 
representations, which allow detection of the signals’ time information, and thus helps in 
speech discrimination, such as in distinguishing aspirated stops from unaspirated counterparts 
based on the acoustic characteristics such as voice onset time (VOT) (Clumeck, Barton, 
Macken, & Huntington, 1981). Disruption in one or more of these central auditory processes 
results in central auditory processing disorder (CAPD) (ASHA, 1996). Patients with CAPD 
usually have the following difficulties even though their pure-tone audiometry and 
tympanometry results represent normal or near normal peripheral hearing:  
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with different interpulse intervals (IPIs) (see Figure 2). This ability reveals the duration over 
which the listeners can gather and integrate acoustic-phonetic information (Eddins & Green, 
1995).  
 
Figure 2. The structures in a stimulus used in Random Gap Detection Test.  
 
A number of research studies have been conducted to look at the minimum time interval 
within which a silent gap can be detected. Hirsh (1959), as reported by Baran (1997), found 
that an IPI of 2 ms was required for normal listeners to perceive two broadband noise stimuli 
instead of only one, and approximately 17 ms was required for them to tell which of the two 
sounds came first with 75% accuracy. Philip, Taylor, Hall, Carr and Mossop (1997) reported 
that the time frame of temporal resolution for phonemic discrimination was likely to be 
within the IPI range of 25 to 35 ms. The inability to detect a silent gap within such a brief 
time frame reveals an impairment in discriminating two closely spaced brief sounds. This 
reflects a deficit in temporal resolution, which is a kind of CAPD that has been found to be 
correlated with phonologic processing deficit, language learning difficulties (McCroskey & 
Kidder, 2001), specific learning impairment and dyslexia (Tallal, Miller, Bedi, Byma, Wang, 
Nagarajan, Schreiner, Jenkins & Merzenich, 1996).  
Keith (2000) developed a CAPD diagnostic tool – the Random Gap Detection Test 
Leading marker Leading marker 
Interpulse interval 
(IPIs) 
BBN stimulus BBN stimulus 
Silent gap 
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(RGDT) for measuring temporal resolution through the determination of the Gap Detection 
Threshold (GDThreshold). In the test, a range of IPIs, varying from 0 to 40 ms (40 to 300 ms for 
the expanded test), were inserted in pairs of 7 ms pure tones leading markers of stimulus 
frequencies 500, 1000, 2000 and 4000 Hz. They were randomly presented to listeners. The 
listeners then have to report whether they hear one or two tones (see Figure 2). The listener’s 
composite GDThreshold would be determined through (a) identifying the gap intervals at which 
the listener consistently identifies two tones at a specific IPI at each of the four frequencies of 
the pure tone stimuli, and (b) averaging the gap detection threshold at each frequency to get 
the composite GDThreshold. Yim (2002) trialed a Cantonese version of RGDT and showed that 
the GDThreshold of broadband noise (BBN) stimuli was smaller than that of the composite pure 
tone stimuli. The reason was that BBN stimuli contain energy over a wide range of audible 
frequencies, so more than one frequency channel of cochlear output was activated for the 
listeners to detect the gaps, thereby increased the number of across-channel comparisons 
(Eddins & Green, 1995). Besides, the insertion of a silent gap in the pure tone stimuli created 
spectral splatter around the stimuli. As a result, the gap detection of pure tone stimuli was 
based on spectral cues instead of temporal cues (Werner, Marean, Halpin, Spetner & 
Gillenwater, 1992). Therefore using BBN stimuli would eliminate this problem. In addition, 
Yim found that perceptual ability of hearing in undesirable acoustic environments (revealed 
from the scores in the Cantonese version of “the Amsterdam Inventory for Auditory 
Disability and Handicap” questionnaire) (AIADH-C) (Kramer et al., 1995) was correlated 
with temporal resolution of BBN stimuli only, but not the pure tone stimuli. As BBN stimuli 
increased the number of across-channel comparisons, eliminated the spectral cues and 
correlated better with the AIADH-C scores, thus BBN stimuli were studied in this project. 
This project is a continuation of Yim’s project to develop a Cantonese version of the RGDT. 
Its aim is to investigate the effect of stimulus duration on temporal gap detection. 
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Purpose of the current study 
In Keith’s (2000) RGDT, there was no control for the total duration of the 
marker-gap-marker stimuli used in the test. Yim (2002), however, mentioned that total 
duration of the stimuli was a potential cue for gap detection, so listeners may have detected 
the change in the overall stimulus duration instead of the presence of the gap and this may 
have led to imprecision in the GDThreshold obtained. Penner (1975) also found that the total 
duration of the stimuli was a confounding cue for temporal gap detection, which caused a 
decrease in thresholds at shorter overall stimulus durations. But a contradictory finding was 
reported by Forest and Green (1987), who found that gap detection thresholds were relatively 
insensitive to total stimulus duration. This study therefore addressed the following research 
question: is total stimuli duration a potential cue for gap detection?  
  Keith’s (2000) RGDT manual mentioned the inclusion of click stimuli with brief 
duration 230 μs as an additional stimuli set. The author introduced these stimuli so as to 
follow the recommendation of the Bruton consensus conference on central auditory 
processing disorders that “a screening test procedure should include a gap detection in which 
a short silent gap is added in a burst of broadband noise.” (Jerger & Musiek, 2000, p. 469). 
He mentioned that no pilot studies had been done to support the recommendation and no data 
on sensitivity are available. Also, the manual only stated that the normal GDThreshold for both 
click and pure tone stimuli should be between 2 to 20 ms, but Philip et al. (1997) reported 
that different durations of leading markers will lead to variations in GDThreshold. The present 
study investigated the research question: does duration of markers affect GDThreshold?  
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Method 
Participants  
A total of 30 young adults (6 males and 24 females) were recruited to participate in this 
project. Young adults were chosen because their performance tends to be less affected by 
cognitive abilities such as attentiveness to the tasks; also it was easier to instruct them on how 
to do the tasks. Besides, they were not confounded by presbycusis. No attempt was made to 
obtain equal numbers of males and females participants as no significant gender effect in 
RGDT tasks was found by Yim (2002). The subjects’ age ranged from 20-24 years, with a 
mean age of 22.13 years (SD = 0.68 years). All the subjects had Cantonese as their first 
language and had received at least two years of tertiary education. They claimed to have no 
history of any ear pathology. A convenience sampling method was used. The participants 
were all selected from the social circle of the author and were recruited based on their 
willingness to participate. All participants were asked to read and sign a consent form (see 
Appendix A) to state their willingness to take part in the project.  
Pre-test Screening Procedures  
Pre-test screening was carried out to screen out participants with potential CAPD and 
other peripheral hearing disorders; therefore any effects on GDThreshold obtained from the 
experimental tasks should be contributed solely by the change in stimulus duration.   
(1) Cantonese version of the questionnaire of “Amsterdam Inventory for Auditory disability 
and Handicap” (AIADH-C) (see Appendix B) translated by Yim (2002), was adopted to 
screen out participants suspected with CAPD. The questionnaire was to provide an 
objective measure for quantifying the auditory impairment, disability and handicap level 
in daily hearing situations. The inventory consists of 27 items, which were divided into 
five basic disability factors dealing with a variety of everyday listening situations.  
(a) Distinction of sounds (items 5,6,11,17,22,23,25,27) 
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(b) Auditory localization (items 3,9,15,20,26) 
(c) Intelligibility in noise (items 1,7,13,18,24) 
(d) Intelligibility in quiet (items 2,8,12,14,19) 
(e) Detection of sounds (items 4,10,16,21) (Kramer et al., 1995).  
Participants were asked to fill in the questionnaire and to give ratings according to the 
daily listening situations they encountered. They could choose among the four different 
possible responses: ‘almost never”, “occasionally”, “frequently” and “almost always”  
to indicate the degree of hearing difficulties they faced under different listening situations. 
The participants who rated no more than three questions as ‘almost never’ and/or 
‘occasionally’ were recruited to carry on the procedures as this indicated that they were 
likely to be free from CAPD. 
(2) Participants who passed step (1) then undertook peripheral hearing screening test. A GSI 
37 Auto Middle Ear Analyzer was used to perform tympanometry and contralateral 
acoustic reflex testing. A Madsen Orbiter 922 (version 2) Clinical Audiometer was used to 
perform pure-tone audiometry during the day of the test. All participants recruited in this 
study responded to pure tones of 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz 
presented at 20 dBHL, showed acoustic reflexes at 500 Hz, 1000 Hz and 2000 Hz when 
presented with tones at 80-95 dBHL intensity and presented with type A tympanograms, 
which ensured that they had normal peripheral and brainstem functions. 
Stimuli  
BBN stimuli, which were low-pass filtered white noise stimuli at 8000Hz, were 
synthesized and edited using the Praat software (Boersma & Weenink, 2001). Silent gaps of 0 
to 40ms (including IPIs of 0, 2, 5, 10, 15, 20, 25, 30 and 40 ms) (Keith, 2000) were inserted 
between pairs of BBN markers with a bandwidth of 8000Hz under the following conditions: 
Short - Varied.  
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Each BBN marker in the pairs had a fixed duration of 7 ms and a rise/fall time of 1 ms. 
As the IPI increased from 0 to 40 ms, the total duration of the stimuli also increased. This set 
of stimuli was same as those used in RGDT (see Figure 3). 
Short- Fixed.  
The BBN markers in the pair varied in duration from 27 to 7 ms with rise/fall time of 
1ms as the IPIs increased from 0 to 40 ms, in order to hold the total duration for all the 
stimuli used constant at 54 ms (see Figure 4). The participants should not be able to detect 
such durational changes in the markers since Abel (1971), as reported by Eddins & Green 
(1995), found that the smallest detectable change in duration for 27 ms tones was 271/2 ms 
that is 5 ms. 
Long- Varied.  
Each BBN marker in the pairs had a fixed markers’ duration of 980 ms and a rise/fall 
time of 1 ms. As the IPI increased from 0 to 40ms, total stimulus duration also increased (see 
Figure 5). 
Long- Fixed.  
The BBN markers in the pair varied in duration from 1000 to 980 ms with rise/fall time of 
1ms, so as to hold the total duration for all the stimuli used in RGDT constant at 2000 ms (see 
Figure 6). Abel (1971), as reported by Eddins & Green (1995) found that such change in 
duration in the markers could not be detected by the participants as the smallest detectable 
change in duration for the 1000ms tones is 10001/2 ms that is 32 ms. 
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Figure 3. Stimuli used in the short-varied      Figure 4. Stimuli used in the short-fixed  
condition.          condition. 
   
Figure 5. Stimuli used in long-varied      Figure 6. Stimuli used in long-fixed  
condition.          condition. 
1000 ms 
10 ms IPI 
20 ms IPI 
40 ms IPI 
0 ms IPI 
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995 ms 995 ms 
980 ms 980 ms 
990 ms 990 ms 
980 ms 
0 ms IPI 
10 ms IPI 
20 ms IPI 
40 ms IPI 
980 ms 
980 ms 980 ms 
980 ms 980 ms 
980 ms 980 ms 
27 ms 
10 ms IPI 
20 ms IPI 
40 ms IPI 
0 ms IPI 
27 ms 
22 ms 22 ms 
7 ms 7 ms 
17 ms 17 ms 
7 ms 
0 ms IPI 
10 ms IPI 
20 ms IPI 
40 ms IPI 
7 ms 
7 ms 7 ms 
7 ms 7 ms 
7 ms 7 ms 
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Instrumentation 
A Macintosh i-book computer running a HyperCard (Apple Computers TM) program was used 
to generate the stimuli, which were amplified by an audiometer and presented to the 
participants through a Telephonics headphone (TDH-39). The stimuli were binaurally 
presented to the participants as Baker, Godrich & Rosen (1998) found that there was no ear 
asymmetry on temporal gap detection. Test stimuli were presented at a comfortable listening 
level of 55 dBHL. According to Eddins & Green (1995), it was found that gap detection 
thresholds increased below 30 dBSL and became insensitive to change in level above 30 
dBSL. This meant that when participants had different hearing thresholds, such as one with 
10 dBHL and the other with 20 dBHL, they would be listening to stimuli at 20 dBSL and 
10 dBSL respectively when the stimuli were presented at 30 dBHL. The gap detection 
thresholds would thus become incomparable due to the change in sensation level. Therefore, 
test stimuli were presented at a comfortable listening level of 55 dBHL to ensure that all 
participants detected the stimuli above 30 dBSL.  
Procedures 
(a) The participants first received a printed Chinese instruction sheet (Appendix D) and 
supplementary verbal task instructions on the RDGT—Cantonese experimental 
procedures. They were informed that the experimental task included two practice sessions 
and two standard tests; the whole experimental procedure took about 45 minutes. All the 
trials in the practice sessions and standard tests were self-paced and no feedback would be 
given to the participants. They were also instructed to provide a physical response for 
each trial by holding up one finger when they heard one sound and holding up two fingers 
when they heard two sounds. Their queries concerning the tasks were resolved before the 
administration of the tasks in order to assure their understanding of the procedures. 
(b) A continuous sample of the same white noise used in the experimental trials at 55 dBHL 
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was used for calibrating the audiometer’s VU meter.  
(c) Participants received a practice session on the short set of stimuli. The practice session 
allowed the participants to be familiarized with the type of test stimuli and the test 
procedures, so as to ensure that the tests’ results were valid. A total of nine bursts of 
stimuli with 7 ms leading markers were presented in ascending order with IPIs of 0, 2, 5, 
10, 15, 20, 25, 30 and 40ms. For participants with difficulty in responding to the practice 
test, they were re-instructed and the practice session would be re-administered once.  
(d) Then the standard test on the short sets of stimuli was carried out by which stimuli with 
IPIs 0, 2, 5, 10, 15, 20, 25, 30 and 40 ms were each repeated for ten trials and the stimuli 
were randomly presented to the participants. There were totally 170 trials in the test. 
(e) Procedures (c) and (d) were repeated for the long sets of stimuli.  
The order of presentation of the practice sessions and standard tests for the short and long sets 
of stimuli was counterbalanced across subjects. That is, 50% of the participants received the 
practice session and the standard test for the short sets of stimuli prior to those for the long 
sets, while another 50% of the participants received the practice session and the standard test 
for the long set of stimuli prior to those for the short set. This was to balance the possible 
practice effects. Half of the participants were randomly selected to undertake the test on a 
second occasion two weeks after the first attempt on the test to check for the test-retest 
reliability. The experimenter recorded the responses provided by the participants by pressing 
either the “one” or “two” button showing on the i-book computer screen. All the data 
collected were saved directly into the i-book computer, by which the raw data were then 
retrieved for further analysis.  
Data Analysis 
Calculation of scores in AIADH-C. 
 The scoring procedure adopted by Yim (2002) and in the original AIADH (Kramer et al., 
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1995) was used in this study. In the questionnaire, scores 3, 2, 1 and 0 were assigned to the 
four different possible responses: ‘almost never”, “occasionally”, “frequently” and “almost 
always”, correspondingly. The score in AIADH-C for each participant was calculated by 
summing up the score obtained from each question. The lower the score obtained, the better 
the performance on central auditory processing was indicated. Taking account of the 
participants’ recruitment criteria (with no more than three questions as ‘almost never’ and/or 
‘occasionally’ were rated), the possible range of score was 0-33 out of a maximum 84.  
Determination of gap detection thresholds. 
 The GDThreshold was defined as the IPI at which the participant consistently identified 
two sounds at least 50% of the time that is for at least five out of ten repeated trials. Table 1 
illustrated the process of obtaining GDThreshold from raw data. All participants’ GDThresholds for 
the four conditions were determined.  
Table 1. An example on determination of GDThreshold from a participant’s raw data 
Participant’s response at trial 
   IPI (ms) 
1 2 3 4 5 6 7 8 9 10 
           
0 ms 1 1 1 1 1 1 1 1 1 1 
2 ms 1 1 1 1 1 1 1 1 1 1 
5 ms 1 1 1 1 2 1 2 2 2 1 
10 ms 2 2 2 1 1 1 2 2 2 2 
15 ms 2 2 2 2 2 2 1 2 2 2 
20 ms 2 2 2 2 2 2 2 2 2 2 
25 ms 2 2 2 2 2 2 2 2 2 2 
30 ms 2 2 2 2 2 2 2 2 2 2 
40 ms 2 2 2 2 2 2 2 2 2 2 
Å GDThreshold 
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Data analysis  
Two-way ANOVA for repeated measure design was used for data analysis as more than 
one independent factor were varied for comparison. The independent variables were the total 
duration of the stimuli and the duration of the markers. The dependent variables were the 
GDThreshold scores. 
Pearson’s correlation coefficient was used to evaluate the correlation between the total 
score of Cantonese version of AIADH and the GDThreshold of different types of stimuli under 
the four conditions. Percentage score (within + one step of IPI) was used to evaluate the 
test-retest reliability of different types of stimuli under the four conditions. 
 
Results 
 The means and standard deviations of GDThreshold across all the four conditions are 
summarized in Table 2. The largest mean threshold was found in the Condition Short-Varied 
while the smallest mean threshold was found in the Condition Long-Fixed. Mean thresholds 
in conditions with short markers were larger than that in conditions with long markers.  
 
Table 2. Means, standard deviations and range of GDThreshold in the four conditions 
   Mean (ms) SD Range 
 Short-Varied   7.03 4.82 2-20 
 Short-Fixed  5.77 2.90 2-15 
 Long-Varied  3.87 1.89 2-10 
 Long-Fixed  3.77 1.91 2-10 
 
 Two-way ANOVA for repeated measure design was used to investigate the effect of total 
stimulus duration on GDThreshold. The factors under comparisons were Short-Varied versus 
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Short-Fixed and Long-Varied versus Long-Fixed. No significant main effect of total stimulus 
duration (the varied sets of stimuli versus the fixed sets of stimuli) was found [F (1, 29) = 
1.58,  p = .28]. Therefore GDThresholds obtained using stimuli with varied total duration did 
not differ significantly from the thresholds obtained using stimuli with fixed total duration. 
The same two-way ANOVA for repeated measure design was used to investigate the effect of 
markers’ duration on GDThreshold. The factors under comparisons were Short-Varied versus 
Long-varied and Short-Fixed versus Long-Fixed. The main effect of markers’ duration (the 
short sets of stimuli versus the long sets of stimuli) on GDThreshold was statistically significant 
[F (1, 29) = 21.86,  p = .000062]. The GDThreshold obtained using stimuli with short markers 
was significantly larger than the thresholds obtained using stimuli with long markers.  
 
 Computing two-way ANOVA for repeated measure design on the four conditions 
(Short-Varied, Short-Fixed, Long-Varied and Long-Fixed) also revealed no significant 
interaction effect (p = .26) between markers’ duration variable and total stimulus duration 
variable. Since the observed means in the Conditions Short-Varied was slightly larger than 
that in the Condition Short-Fixed, hence Tukey’s HSD test was used to compare the short 
conditions (Short-Varied versus Short-Fixed). The result showed that there was no significant 
effect (p = .22). Therefore difference between the levels of the markers’ duration variable was 
independent of the levels of the total duration variable.  
 
 The mean score of AIADH-C obtained from the 30 participants was 10.03 (SD = 8.74), 
ranging from 0-29. The higher scores associated with the greater hearing difficulty reported 
under daily listening conditions the participants face. The correlations between the scores 
obtained in the AIADH-C questionnaire and the GDThreshold obtained across the 4 conditions 
were evaluated using Pearson Product-Moment Correlation Coefficient r. This was to find out 
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if participants with higher GDThreshold would experience greater hearing difficulty in everyday 
listening situations. The results are summarized in Table 3. The GDThresholds obtained across 
the Conditions Short-Varied, Short-Fixed and Long-Fixed were not significantly correlated 
with the scores in AIADH-C with reference to p level at 0.05 (two-tailed), while the 
Condition Long-Fixed was significantly negatively correlated with the scores in AIADH-C 
with reference to p-level at 0.05 (two-tailed). 
 
Table 3. Pearson Product-Moment Correlation Coefficient r between the scores in AIADH-C 
and the GDThresholds across the four conditions 
  
 
r p 
 Short -Varied and AIADH-C .03 .86 
 Short-Fixed and AIADH-C .23 .22 
 Long-Varied and AIADH-C - .37  .04 
 Long-Fixed and AIADH-C - .17 .38 
* Correlation is significant at the 0.05 level (2-tailed)   
  
Fifteen participants were randomly selected to undertake the test on a second occasion 
two weeks after the first attempt on the test. They all passed the pre-test screenings on the day 
of the second attempt on the test. Percentage score on test-retest reliability was employed to 
check the agreement of GDThresholds obtained in the first and second attempts on the test. The 
acceptable variation was set as within + one step of IPI. The results are summarized in Table 
4. The results revealed that the agreement across all the four conditions were good. The 
GDThresholds obtained from the test were with high consistency of measurement.  
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Table 4. Agreement on the first and second attempts of the test across the four conditions 
  % score (within + 1 step of IPI) 
 Short-Varied 93 
 Short-Fixed 100 
 Long-Varied 100 
 Long-Fixed 100 
 
Discussion 
 The results of the present study indicated the following findings: first, temporal gap 
detection was relatively insensitive to total stimulus duration cue; second, gap detection 
thresholds varied with different stimulus marker duration; and lastly, the test-retest reliability 
of the Cantonese version of RGDT was high. 
 
Effect of overall stimulus duration 
 The present study indicated that gap detection thresholds were relatively insensitive to 
changes in total stimulus duration, which support Forrest and Green’s (1987) result. However, 
Penner (1975) found that the gap detection threshold decreased when the overall stimulus 
duration decreased. A possible explanation for this difference between Penner’s and the 
current finding might be due to the fact that randomization was employed when presenting 
the stimuli in this current study, while no such procedure was used in Penner’s experiment. 
Support for this hypothesis came from Formby and Muir (1989)’s findings.  
 
Formby and Muir (1989) investigated the effect of overall stimulus duration on 
temporal gap detection and the effect of randomization in stimulus presentation. The 
design of temporal gap detection test they employed was different from that in RGDT. 
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In their test, participants were asked to listen to two stimuli: the standard stimulus and 
the stimulus inserted with a silent gap, and judge which stimulus contains the silent 
gap. They found that the total stimulus duration was used as a potential cue for 
temporal gap detection at least for long gap duration and proved that randomization 
on overall stimulus duration could help to remove the total duration cue without 
distracting the listener’s from paying attention to detect the temporal gap. In this 
study, the nonsignificant result for effect of total duration cue on temporal gap 
detection suggested that randomization of stimuli distracted listeners’ attention to the 
variation in total stimulus duration without diverting them from detecting the 
temporal gap.  
 
 The present study showed that total stimulus duration could not be a potential cue in 
temporal gap detection tests with randomization. In terms of clinical applications, the set of 
stimuli used in Cantonese version of RGDT in Yim (2002) with varied overall duration was 
valid for measuring temporal resolution. Thus it was valid to use stimuli with varied overall 
duration when developing normative data of RGDT for the Cantonese instruction set.   
 
Effect of stimulus markers’ duration 
 The current investigation on the effect of stimulus marker duration on temporal gap 
detection was in agreement with the finding that gap detection thresholds varied with 
different stimulus marker duration (Philip et al., 1997). The GDThreshold obtained using stimuli 
with short markers was significantly larger than the thresholds obtained using stimuli with 
long markers.  
 
 It was hypothesized that this significant result was due to anticipation effect. As in the 
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RGDT, trials were self-paced and stimuli were presented unexpectedly, so under the 
conditions with long stimulus markers’ duration, participants had more time to get ready to 
react to the stimuli, as a result, they could anticipate for and pay more attention to the 
temporal gap cue. However, under the conditions with short stimulus markers’ duration in 
which the short burst of stimuli were presented suddenly, the participants were less ready to 
respond to the stimuli since their reaction time was comparable to the short markers. Thus 
they may have been less attentive to the temporal gap cue. Therefore, under the conditions 
with long stimulus markers’ duration, the gap detection thresholds obtained were significantly 
lower than that obtained under the conditions with short markers’ duration.  
 
The findings in this study pinpointed that in developing the Cantonese version of the 
RGDT, different stimulus marker duration should be accompanied with different sets of 
norms. However, should stimuli with long or short marker duration be selected in computing 
the norms for Cantonese version of RGDT? One important factor to be considered in making 
the choice was the strength of significant correlation between GDThreshold obtained under the 
conditions with long markers and those with short markers and the scores of AIADH-C. This 
was because a correlation would indicate that participants with higher GDThreshold would tend 
to experience greater hearing difficulty in everyday listening situations.The current report, 
however, showed that the GDThresholds obtained across all the four conditions were not 
significantly correlated with the scores in AIADH-C. This was probably because of the 
ceiling effect. As the participants recruited in this study were all young adults with normal 
hearing, so the GDThresholds and scores in AIADH-C obtained were all from the normal 
population, and did not include data from the extremes of the range of the whole population 
(including both the normal population and the population with potential CAPD). As such, the 
correlations reported were all nonsignificant. Hence, the conclusion on whether long or short 
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markers should be chosen could not be drawn at this stage due to the lack of significant 
positive correlation between the objective measure of temporal resolution and the perceptual 
measure of CAPD from the AIADH-C questionnaire. In order to draw the conclusion, further 
study is needed.  
 
Test-retest reliability of the Cantonese version of RGDT 
 The results of the present study showed that the test-retest reliability under all the four 
conditions was high. The four conditions had at least 90 percent of repeated thresholds 
varying within + one step of IPI. The finding was consistent with Yim’s (2002) conclusion 
that the Cantonese version of RGDT was a reliable gap detection test since there was no 
significant difference between the results of the test taken at the first and second attempts. 
Thus it could be concluded that the Cantonese version of RGDT is a reliable test for 
measuring temporal acuity as similar thresholds could be generated from the test even though 
the test was repeated at several different occasions on the same participants.  
 
Directions for further research 
 As mentioned before, the conclusion on selecting stimuli with either long or short 
marker duration in computing the norms for Cantonese version of the RGDT could not be 
drawn from the current study. Several further researches can be carried out as additional 
supports for doing the selection. First, it is suggested to examine the anticipation effect 
mentioned above to check if it is a potential cue leading to underestimation of temporal gap 
detection thresholds. Second, it is advised that participants with and without CAPD should 
both be recruited. It is then to re-investigate the correlation between the scores in the 
AIADH-C questionnaire and the four sets of stimulus (Short-Varied, Short-Fixed , 
Long-Varied and Long-Fixed). The correlation between their GDThresholds and the scores in 
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AIADH-C obtained were computed, so that no ceiling or floor effect will be found as the 
sample data will be collected from the extremes of the range of the whole population 
(including both the normal population and the population with potential CAPD). In such case, 
the correlations reported can then truly represent the association between the perceptual 
judgment and the objective measure of temporal resolution using different types of stimuli. 
From the results, we can check if the condition with long (Long-Varied and Long-Fixed) or 
short sets (Short-Varied and Short-Fixed) of stimuli shows a significant positive correlation. 
That is participants with potential CAPD who get significantly higher scores in AIADH-C 
questionnaire should obtain higher GDThresholds, while participants without CAPD should 
obtain lower scores in the questionnaire and lower gap detection thresholds. The information 
will then help to determine which stimulus marker duration should be selected in computing 
the norms for the Cantonese version of RGDT.  
 
 Yim (2002) investigated the normative values of the Cantonese version of RGDT on the 
young adult population aged between 20 and 30 years. It is recommended that cross-sectional 
comparisons can be made across different age groups such as in normal Hong Kong children 
and elderly, so as to construct a more comprehensive normative data for the Cantonese 
version of the RGDT. With the normative data, it is possible to diagnose those with potential 
CAPD, and hence can identify those at risk of having phonologic processing deficit, language 
learning difficulties (McCroskey & Kidder, 2001), specific learning impairment and dyslexia 
(Tallal et al., 1996). 
 
 A deficit in temporal resolution, which is a kind of CAPD, has been found to be 
correlated with phonologic processing deficit, language learning difficulties (McCroskey & 
Kidder, 2001), specific learning impairment (Phillips, 1999) and dyslexia (Tallal, Miller, Bedi, 
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Byma, Wang, Nagarajan, Schreiner, Jenkins & Merzenich, 1996). It is therefore suggested to 
study if RGDT can identify participants who are at risk of having such deficits or difficulties. 
This can be done by constructing a comprehensive data set of GDThresholds across groups of 
participants with the aforementioned deficits and difficulties for the Cantonese version of 
RGDT to serve as the basis for comparisons. 
 
Conclusion 
The present study is a continuation of Yim’s (2002) project to develop a Cantonese 
version of the RGDT based on Keith’s (2000) RGDT. It is a preliminary attempt to 
investigate the effects of stimulus duration on the RGDT. This project provided clinical 
implications for future development of a Cantonese version of RGDT. First, it suggested that 
the original set of stimuli in RGDT with varied overall duration is valid for measuring 
temporal resolution; second, it showed that the norms should be different for stimuli sets with 
different marker duration; and lastly, it confirmed that the Cantonese version of the RGDT 
has high test-retest reliability. 
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Appendix 
 
Appendix A, Consent Form. 
 
Consent Form 
 
Project Title: Random Gap Detection Test: Investigation of duration factors in the stimuli 
Investigator: Mak Sze Ming, Candice (BSc, Speech & Hearing Sciences) 
     Dr. Bradley McPherson (Project Supervisor) 
             Dr. Valter Ciocca (Project Supervisor) 
 
 
I, ________________________ (Name), consent to participate in this research project. I have 
read/understood the information, nature and purpose of this project. Also the details of the 
procedures proposed in this study have been fully explained to me. I have been given the 
opportunity to ask questions about this study, and they have been answered to my satisfaction. 
I consent to participate in this study, and understand that I am free to withdraw from the 
present study at any stage. 
 
 
 
 
 
Project holder’s signature 
(Mak Sze Ming, Candice) 
 Participant’s signature 
 
 
 
  
Date  Date 
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Appendix B, AIADH-C. 
問卷 
姓名: _____________   年齡/性別: _____________  聯絡電話: ______________ 
請以日常生活中遇到的情況回答以下問題。 
1 你能否在擠擁的商店中明白店員的說話？ 
 __從不      __有時／間中       __經常        __幾乎時時 
2 你能否在一間寧靜的房間與別人對話？ 
 __從不      __有時／間中       __經常        __幾乎時時 
3 當你在街外時，你能否立即聽到汽車從哪個方向駛近？ 
 __從不      __有時／間中       __經常        __幾乎時時 
4 你能否聽到汽車經過？ 
 __從不      __有時／間中       __經常        __幾乎時時 
5 你能否以家庭成員的聲線來辨認他們？ 
 __從不      __有時／間中       __經常        __幾乎時時 
6 你能否辨認出音樂或歌曲中的旋律？ 
 __從不      __有時／間中       __經常        __幾乎時時 
7 你能否在一個擠擁的聚會中與別人談話？ 
 __從不      __有時／間中       __經常        __幾乎時時 
8 你能否在一間寧靜的房間與別人在電話中對話？ 
 __從不      __有時／間中       __經常        __幾乎時時 
9 在一個會議中，你能否聽得出別人從演講廳的哪一角發問問題？ 
 __從不      __有時／間中       __經常        __幾乎時時 
10 你能否聽到別人從你背後接近你? 
 __從不      __有時／間中       __經常        __幾乎時時 
11 你能否以電視節目主持人的聲線來辨認他／她？ 
 __從不      __有時／間中       __經常        __幾乎時時 
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12 你能否明白歌曲中的內容？ 
 __從不      __有時／間中       __經常        __幾乎時時 
13 你能否容易地在巴士或汽車中與別人對話？ 
 __從不      __有時／間中       __經常        __幾乎時時 
14 你能否明白電台的新聞報導員報道新聞？ 
 __從不      __有時／間中       __經常        __幾乎時時 
15 當別人在街上叫喚你的名字時，你能否立即望向他／她的正確位置？ 
 __從不      __有時／間中       __經常        __幾乎時時 
16 你能否在家裡聽嘈雜聲，例如開水聲、吸塵聲和洗衣機聲？ 
 __從不      __有時／間中       __經常        __幾乎時時 
17 你能否分別出汽車和巴士的聲音？ 
 __從不      __有時／間中       __經常        __幾乎時時 
18 你能否在晚飯時參與少數人的對話？ 
 __從不      __有時／間中       __經常        __幾乎時時 
19 你能否明白電視上新聞報道員報道新聞？ 
 __從不      __有時／間中       __經常        __幾乎時時 
20 你能否在寧靜的屋內聽到別人從哪個房間的角落跟你對話？ 
 __從不      __有時／間中       __經常        __幾乎時時 
21 你能否聽到家裡的門鐘響？ 
 __從不      __有時／間中       __經常        __幾乎時時 
22 你能否分辨到男人和女人的聲線？ 
 __從不      __有時／間中       __經常        __幾乎時時 
23 你能否聽到音樂或歌曲中的節奏？ 
 __從不      __有時／間中       __經常        __幾乎時時 
24 你能否在繁忙的街道上與別人對話？ 
 __從不      __有時／間中       __經常        __幾乎時時 
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25 你能否分辨別人聲線的高低音調和變化? 
 __從不      __有時／間中       __經常        __幾乎時時 
26 你能否聽到車子響號聲的來源？ 
 __從不      __有時／間中       __經常        __幾乎時時 
27 你能否辨認和分別不同的樂器聲？ 
 __從不      __有時／間中       __經常        __幾乎時時 
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Appendix C, English Instructions of RGDT—Cantonese. 
 
RGDT Norms for Chinese Young Adults in Hong Kong 
Instructions 
Information: 
Random Gap Detection Test (RGDT) is a test for measuring temporal aspects of the brain’s 
functioning. The purpose of this project is to develop a Cantonese version of RGDT and 
producing norms for the test’s use with Chinese young adults in Hong Kong. 
 
Procedures: 
You will be required to complete a questionnaire before having hearing screening and RGDT. 
 
1. Hearing Screening 
 
Pure-tone screening 
You will be presented with “beep” sounds of different high and low tones through the 
earphones, first to one ear and then to the other. Press the button once when you hear the 
“beep” sound. This part of the screening test will take 5 minutes, and only those subjects 
who pass the pure-tone screening will take tympanometry and contralateral acoustic 
reflex testing. 
 
Tympanometry and Contralateral acoustic reflex testing 
The investigator will insert the probe of the middle ear analyzer to one of your ear, and 
then to the other ear. This part of the screening test will take 10 minutes, and only those 
subjects who show type A tympanogram and reflexes at normal levels will receive RGDT. 
 
2. Random Gap Detection Test (RGDT) 
 
The test comprises of 2 practice sessions and 2 experimental tests. The order of 
presentation of the 2 practice sessions and the 2 experimental tests will be randomly 
assigned. 
 
Practice Session 
In the practice session, you will hear either one or two bursts of sound. When you hear 
one sound, hold up one finger. When you hear two sounds, hold up two fingers. After the 
investigator enter your response into the computer, the next burst of sound will then be 
presented immediately. A total of 9 bursts of sounds will be included in each of the 
practice sessions. 
 
Experimental test 
In each session, you will hear either long or short bursts of noise. For each trial, when you 
hear one sound, hold up one finger. When you hear two sounds, hold up two fingers. 
There will be a total of 170 trials in each of the 2 experimental tests. 
 
After finishing the first pair of practice session and experimental sessions, you will take a 
short break and then you will take part in the second pair of practice and experimental 
sessions. The whole RGDT takes about 45 minutes. 
Thank you for your cooperation and participation! 
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Appendix D, Chinese Instructions for RGDT—Cantonese. 
 
 
RGDT Norms for Chinese Young Adults in Hong Kong 
指引 
 
資料簡介: 
Random Gap Detection Test (RGDT) 是一個量度腦部的時間解析能力之測驗。是次研究
之目的是要發展 RGDT 的廣東話版本，以及這個測驗使用於香港年輕成年人的常模數
據。 
 
測試程序: 
在接受聽力評估及 RGDT測驗之前，你先需填寫一份問卷。 
 
1. 聽力評估 
純音氣道測試 
測試員會測試你每隻耳朵的聽力。你會聽到不同高低音頻的「嗶」聲。當你聽見「嗶」
聲時，請按一下按鈕。這部份的聽力評估需時 5 分鐘。若這部份的評估合格，你便
會接受中耳抗阻及聽覺反射測試。 
 
中耳抗阻及聽覺反射測試 
測試員會把中耳測試機的探管放入你一隻耳道作測試，然後放入你另一隻耳導作同
樣的測試。這部份的評估需時 10 分鐘。若你能通過中耳抗阻及聽覺反射測試，便
可接受 RDGT 測驗。 
 
2. Random Gap Detection Test (RGDT) 
此測驗包括兩個練習部份及兩個標準測驗部份。兩個練習部份及兩個實驗性測驗部
份會隨機抽樣作先後播放。 
 
練習部份 
你會聽到一個或兩個響聲。當你聽到一響時，請豎起一隻手指。當你聽到兩響時，
請豎起兩隻手指。當測試員把你的回應輸入電腦後，下一個響聲便會立即出現。每
個練習部份總共有 9個響聲。 
 
實驗性測驗部份 
你會聽到一些長或短響聲。在每一項中，當你聽到一響時，請豎起一隻手指。當你
聽到兩響時，請豎起兩隻手指。每個實驗性測驗部份總共有 170個響聲。 
 
當完成其中一組的練習和實驗性測驗部份後，你會有一小休時段，然後另一個練習
和標準測驗部份便會進行。整個 RGDT測驗需時約 45分鐘。 
 
 
多謝您的合作和參與！ 
 
 
